InTrODuCTIOn
Infant mortality rates (IMRs) in England and Wales vary among different ethnic groups. In 2013, infants of Pakistani ethnicity had the highest IMR at 6.7 per 1000 live births compared with an overall rate of 3.8. 1 Between 2008 and 2013, IMRs of Pakistani, black Caribbean and black African infants have consistently been among the highest. 1 Causes of infant death also vary by ethnicity. The Office for National Statistics combines ethnic groups to report cause of death information. In 2013, for the combined Asian group, the most common cause of death was congenital anomalies (CAs; 41%). In all other groups, the most common causes of death were immaturity-related conditions (accounting for 42%-53% of deaths). 1 Again, this has been consistent over time. 1 Both the variation in IMR in different ethnicities and the difference in causes of death were highlighted by the National Perinatal Epidemiology Unit as important areas for future research. 2 3 Bradford is an ethnically diverse city in the north of England with high levels of deprivation. In recent years, following a multidisciplinary Infant Mortality Commission and implementation programme, infant mortality has fallen. Despite this, Bradford's IMR remains above national average. The 3-year rolling average in 2010-2012 was 7.0 per 1000 live births, compared with 4.3 in the rest of England and Wales. 4 5 The prevalence of CAs and childhood disability in Bradford is recognised as being among the highest in the UK. [6] [7] [8] A recent analysis from Born in Bradford (BiB-a large multi-ethnic birth cohort study) found the rate of CAs in Bradford to be almost double that of the national average, with a higher risk in mothers of Pakistani origin compared with white British origin. 9 Consanguinity was identified as a major risk factor, even after adjustment for deprivation. 9 Increased maternal age is a well-associated risk for CA. In the BiB study, only white British mothers older than 34 years had an increased risk of CA. 9 In 2008, Child Death Overview Panels (CDOPs) were introduced as part of the Government's Working Together to Safeguard Children Framework. 10 All infant and child deaths have since been systematically reviewed and analysed by multiprofessional panels in order to identify modifiable factors, with an aim to prevent future deaths. Panels decide on the cause of death in each case, based on a standard hierarchical classification schema. Precise practices and information obtained vary according to local policy. We aimed to assess the validity of information collected by Bradford district's CDOP by comparing it to information obtained by BiB. Our second aim was to calculate ethnic-specific IMRs, and to compare characteristics of infants who died with CAs with those who died from other causes.
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METhODs
We performed a retrospective cohort analysis of all infant deaths in Bradford district between 2008 and 2013. We extracted data on each infant from their anonymised CDOP file.
We identified all infant deaths in the BiB cohort and linked them to their CDOP identifier via their NHS number. Full BiB methods have been published previously. 11 Information was collected from mothers by interviewer-administered questionnaire during pregnancy, as well as from routine maternity records data. We calculated Kappa values to describe agreement between case characteristics, collected by both data sources. 12 We compared cause of death as attributed by the CDOP with that obtained using a separate classification of infant death. Two clinical investigators (CF and SO) independently processed CDOP cause of death information using CODAC (causes of death and associated conditions)-Version 2 (available at http://www. biomedcentral. com/ content. supplementary/ 1471-2393-9-22-51. xls). 13 Each investigator was familiar with the coding 'rules' and was blind to CDOP's classification at the time of coding. Discrepancies were discussed and resolved. We compared the proportion of deaths classified as CA cause by both systems.
We obtained live birth denominator data from hospitals serving the Bradford District (Bradford Royal Infirmary and Airedale General Hospital) maternity systems.
statistical analysis
We calculated standard IMRs (number of deaths/number of live births and reported per 1000 births). We calculated rates separately for the three main ethnic groups (Pakistani, white British and other), as well as all three groups combined. We used Excel and an online tool ( http: statpages. info/ confint. xls) to calculate IMRs and their 95% binomial CI separately for deaths CDOP attributed to chromosomal, genetic or CA cause (hereafter referred to as CA deaths), all other causes (hereafter referred to as non-CA deaths) and both groups combined (ie, all causes).
We conducted logistic regression to calculate univariate and multivariate ORs and 95% CIs for the occurrence of CA death when compared with non-CA causes of death. Multivariable models were mutually adjusted for infant characteristics recorded by CDOP including age at death, gestation, prematurity, gender, birth weight, deprivation quintile, parental consanguinity, maternal age, smoking in pregnancy and maternal illness. Deprivation quintile was calculated using the Index of Multiple Deprivation (IMD) 2010 tool (available at http:// tools. npeu. ox. ac. uk/ imd/), according to infant's postcode at the time of death.
All other statistical analyses were conducted using Stata V.14SE.
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Ethical approval
The study was initially performed as part of an MSc in Child Health undertaken by CF. Ethics approval was not deemed necessary. CF held an honorary contract with the host organisation and the CDOP authorised access to the data. We contacted the Research Ethics Committee (REC) about our intention to publish aspects of the research. They confirmed that as the data analysed were anonymised and collected for other purposes, formal REC approval was not required.
rEsuLTs
We identified 333 infant deaths occurring between 2008 and 2013 from Bradford district's CDOP, of which 315 were suitable for inclusion. Fourteen deaths in infants born at less than or equal to 22 weeks' gestation had been reviewed but were excluded on the basis of gestation. A further three deaths in infants born to women not resident in the Bradford metropolitan district were excluded. One infant did not have an NHS number recorded and was also excluded.
The median age at death was 10 days (range 0-355 days). One-hundred and sixty three (52%) were male and 152 (48%) were female. Of the three main ethnic groups, 166 (53%) were Pakistani, 96 (30%) were white British and 53 (17%) were other. 'Chromosomal, genetic and congenital anomaly' and 'neonatal/ perinatal events' were the the most common causes of death, accounting for 140 (44%) and 136 (43%) of deaths, respectively. Eighteen (5.7%) of deaths were classified as due to infection, 9 (2.9%) were sudden unexpected unexplained deaths. The remaining 12 infants died of other causes.
Validity of CDOP data
Fifty-six infants reviewed by CDOP had been recruited to the BiB study and had died before reaching a year of age. For these 56 infants there was only weak agreement for ethnicity data obtained from the different sources (kappa=0.58, SE 0.10). Agreement was almost perfect, strong or moderate for all other characteristics. See table 1.
We found no differences in the proportion of deaths attributed to CA by the two coding systems, with the same 27/56 (48%) deaths being attributed to CA by both the CDOP review panel and the CODAC coding system.
IMrs
IMRs were not calculated for 2008 deaths. Numerator data were incomplete as CDOP started reviewing deaths in March 2008.
IMRs were consistently higher in the Pakistani group. In this study, the Pakistani IMR across all 5 years from all causes was 9. 
DIsCussIOn
We have demonstrated that infant deaths from CA in Bradford metropolitan district are three times more likely to have consanguineous parents than infants who die from non-CA cause, but that there is no such association with ethnicity. Researcher-derived and CDOP-derived data about cases of infant death were substantially in agreement, although with poorer agreement about the classification of ethnicity. Cause of death recorded by the CDOP exactly matched researcher review of infant cause of death. This is the first detailed analysis of infant mortality using CDOP data, collected routinely for all child deaths. Local analyses such as this are useful for recognising and understanding trends in infant mortality, particularly in areas such as Bradford where the IMR is higher than national average.
Other strengths of our study include its population-based nature, the 6 years of included data that we were able to validate CDOP infant and family characteristics data against researcher collected information with predominantly good agreement, the use of area-level measures of socioeconomic deprivation (meaning we had low levels of missingness) that we were able to validate the dichotomisation of cause of infant death as CA or non-CA against the well-recognised CODAC classification, and that the study population is enriched for important variables of interest such as low birth weight, ethnicity and consanguinity.
Limitations of our study include the possibility of reporting bias. Although unlikely, it is possible the CDOP recorded consanguinity status or ethnicity differently in cases of CA death, which could have biased our measures of association. While we have a measure of consanguinity, we have been unable to include any measure of endogamy in our multivariate analysis of the differences between CA and non-CA infant deaths. Information regarding endogamy is not routinely collected by CDOP and is more difficult to objectively measure. One third of Pakistani individuals in the BiB study were unaware of their own 'biraderi' or patrilineage kinship group. 9 Our measure of socioeconomic deprivation is area based rather than on individual family's experience, and may not fully encompass data on all aspects of deprivation experienced by families. 15 Our estimates of ethnicity-specific IMRs may be undermined by the fact that some births (particularly from the smaller of the two maternity units) contributing to the denominator data for ethnicity-specific birth numbers may have been to families who are not resident in the metropolitan district. However, this use of a proxy denominator and the possibility that births within the districts' two maternity units might not be fully representative of those births to the population of the district do not seriously undermine our findings. The scale of the difference between ethnicity-specific mortality rates (Pakistani 9.8 (95% CI 8.2 to 11.5); white British 4.3 (95% CI 3.4 to 5.3)) is such that the difference would remain significant even if our proxy measure of denominator overstated the Pakistani ethnicity births by as much as 25%. We believe this to be implausible. Furthermore, this possible imprecision in description of underlying ethnicity-specific birth rates does not undermine our main findings of the differences in infant characteristics between those infants who died of CA cause and those who died of non-CA cause.
The validation exercise we conducted between researcher-collected information and CDOP data showed only weak correlation between the two means of describing the ethnicity of a case. BiB researchers use self-reported maternal ethnicity as a proxy measure of infant ethnicity, while CDOP data aim to describe the baby's own ethnicity, which may explain some of the disparity. Difficulties in describing and recording infant ethnicity have been recognised as ethnicity is a self-defined concept, which makes its use in infants and other populations unable to self-report problematic. Previous studies have used infant ethnicity, 16 maternal ethnicity, 17 maternal country of birth 17 and composite variables, 16 combining infant and maternal descriptors to try and overcome the limitation of the non-availability of self-report in this population. Deprivation quintile Our finding that CA deaths occurred more in term babies is explained by the burden of prematurity in the of non-CA group.
Original article
The striking relationship in our study between CA death and consanguinity in association with our clear finding of raised CA IMR in the Pakistani community (Pakistani CA IMR 5.5 per 1000 live births, white British CA IMR 1.3 per 1000 live births) suggests that the association between ethnicity and CA IMR in this population is mediated by consanguinity. While we observed a strong association between Pakistani ethnicity and CA cause of death in univariate analysis, this was not observed in multivariate analysis where both ethnicity and consanguinity were considered in the same model.
These findings need to be dealt with sensitively to reflect the multifactorial causal pathways underlying infant deaths, of which consanguinity is only one factor. Rather than alienating communities by discouraging consanguineous unions, which may have potential social and economic benefits, 18 a family-centred approach to addressing genetic issues is needed. This has been recognised in many communities in which there are high levels of consanguinity. 19 20 Awareness of the benefits of premarital, pre-pregnancy and antenatal counselling is growing. 19 Premarital screening is mandatory in certain middleeastern countries with high levels of consanguinity, particularly for highly prevalent haemoglobin disorders (eg, thalassaemia and sickle cell disease). Although screening is mandatory, decision-making regarding the outcome is up to the individual couple involved. In one study, 90% of 'incompatible' couples were reported to go on to marry, 20 suggesting the approach of premarital testing alone is unlikely to be successful in reducing infant disease. A great deal of work has been done in the Bradford area, including through the Every Baby Matters programme, 21 conferences such as 'Raising awareness of genetics among culturally diverse communities' 22 and, more recently, the 'Bradford Community Genetics Project.' 23 It is of note that Sheridan et al found higher levels of maternal education to be associated with a lower risk of CA. 9 In the study by Bhopal et al, mothers in consanguineous relationships had lower levels of education than their in non-consanguineous counterparts, with the same pattern seen in paternal education. 18 Our findings re-iterate the need for antenatal counselling to routinely cover the risks of CA associated with consanguinity, and to identify couples at particularly high risk (ie, through taking of a thorough family history). There is continued need for culturally sensitive, clear and accessible information to be communicated both to couples and the wider community. Promoting discussion and improving awareness, particularly in those who are less well educated and potentially hardest to reach, may help further reduce infant mortality from CA cause. Identification of those at risk is important both from the point of view of the couple and future infants and at the health commissioning level through enabling more targeted use of services and potentially further reducing infant mortality.
In contrast to previous studies, 16 24 25 we did not find an association between CA death and deprivation. It is of note that two of these studies 16 24 used the Carstairs index (a postcode-based measure using census information of social class, car ownership, overcrowding and male unemployment) as their measure of deprivation, and the other 25 used an earlier version of IMD. Levels of deprivation are generally high in Bradford, and the majority of infants who died of both CA and non-CA causes were from the fifth quintile (71% and 62%, respectively). Our findings may be due to a lack of an association between CA death and deprivation in this group, the cohort being underpowered to illustrate this difference (particularly given the low variability in deprivation seen), or may reflect the use of an area-based deprivation measure. These findings of non-association with deprivation are consistent with earlier findings of CA risk within the BiB study as a whole, where no additional excess risk was observed by deprivation status (measured
either by IMD 2010 or by maternal educational level) of the population. 9 
COnCLusIOns
Excess Pakistani mortality appears to be partly explained by an excess of deaths from CA, which in this population appears to be associated with a much greater prevalence of consanguinity in this group.
